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(57) 	 ABSTRACT 
Methods and apparatus for coating particulate material are 
provided. The apparatus includes a vessel having a top and a 
bottom, a vertically extending conduit having an inlet in the 
vessel and an outlet outside of the vessel, a first fluid inlet in 
the bottom of the vessel for introducing a transfer fluid, a 
second fluid inlet in the bottom of the vessel for introducing a 
coating fluid, and a fluid outlet from the vessel. The method 
includes steps of agitating a material, contacting the material 
with a coating material, and drying the coating material to 
produce a coated material. The invention may be adapted to 
coat aerogel beads, among other materials. A coated aerogel 
bead and an aerogel-based insulation material are also dis-
closed. 
30 Claims, 8 Drawing Sheets 
https://ntrs.nasa.gov/search.jsp?R=20150003125 2019-08-31T11:26:00+00:00Z
U.S. Patent 	 Oct. 15, 2013 	 Sheet I of 8 	 US 8,557,336 B2 
10 I 
	 20' 
~ 15 
I AL 
1 
~ 
" 16 
2X: 
21 
~
l 
I ------------------------- 
2 
:\22 
:1 
L
-------- 
42' 
 
 
28 
41 
29 
Fi g ure I 
18 	 42 
fkffre  
MNfIWS2 
29 
U.S. Patent 	 Oct. 15, 2013 	 Sheet 2 of 8 	 US 8,557,336 B2 
U.S. Patent US 8,557,336 B2 Oct. 15, 2013 Sheet 3 of 8 
Show 
phantom 
21 
4 
21 
Fi ice 
U.S. Patent 	 Oct. 15, 2013 	 Sheet 4 of 8 	 US 8,557,336 B2 
,grure 
Via' 
It 
U.S. Patent 	 Oct. 15, 2013 	 Sheet 5 of 8 	 US 8,557,336 B2 
U.S. Patent 	 Oct. 15, 2013 	 Sheet 6 of 8 	 US 8,557,336 B2 
112 
1. , 
130 
13.2" 
128 
11. 
34 
144 
Elaine 
U.S. Patent 	 Oct. 15, 2013 	 Sheet 7 of 8 	 US 8,557,336 B2 
ire 
.z 
Piers 10  
U.S. Patent 	 Oct. 15, 2013 	 Sheet 8 of 8 	 US 8,557,336 B2 
US 8,557,336 B2 
2 
METHODS FOR COATING PARTICULATE 
MATERIAL 
STATE AND FEDERAL FUNDED RESEARCH 
The invention described herein was made with New York 
State support under State Grant Number C010331 from the 
New York State Department of Transportation. The State of 
New York may have certain rights to this invention. 
The invention described herein was also made with support 
of the National Aeronautics and Space Administration 
(NASA) under Federal Grant Number NNM05AA04A. The 
U.S. Government may have certain rights to this invention. 
CROSS-REFERENCE TO RELATED 
APPLICATIONS 
This application is related to concurrently filed, commonly 
assigned. Application Ser. No. 13/552,305 and is a divisional 
of Application Ser. No. 11/490,118 filed on Nov. 14, 2007, 
which claims priority from U.S. Provisional Patent Applica-
tion Ser. No. 60/865,722, filed on Nov. 14, 2006, the disclo-
sures of which are hereby incorporated by reference herein in 
their entirety. 
The subject matter of the present application may also be 
related to the inventions described in application Ser. No. 
11/567,100 filed on Dec. 5, 2006, now U.S. Pat. No. 7,621, 
668, and provisional application 60/868,468, filed on Dec. 4, 
2006. The disclosures of these applications are also included 
by reference herein in their entirety. 
BACKGROUND OF THE INVENTION 
1. Technical Field 
This invention relates, generally, to systems, methods, and 
apparatus for coating particulate material and the coated par-
ticulate material so produced. More particularly, the present 
invention provides improved draft tube spout fluid bed 
(DTSFB) having the capability to coat particles with fluids, 
for example, for coating aerogel beads to provide a useful 
engineering material, for instance, an improved insulating 
material. 
2. Description of Related Art 
Coating particulate material can often enhance the physical 
and chemical properties of the material, for example, by 
reducing absorption of liquids and gases or simply protecting 
the particulate material from environmental degradation. For 
instance, the coating of particulate material can provide the 
following enhancements to particulate material: improved 
insulation properties, both thermal and electrical; improved 
abrasion resistance; and improved strength. 
Aerogel beads were first developed in the 1930s and are the 
lightest solids known. Aerogels are low-density materials that 
have proven to be effective insulators. They typically have a 
thermal conductivity on the order of 0.01 Watts/meter-
Kelvin, that is, less than one-third the thermal conductivity of 
polyurethane foam. However, only recently has the commer-
cial scale production of aerogels been economically feasible. 
Aerogels are typically referred to by the nicknames "frozen 
smoke," "solid smoke," or "blue smoke." 
Due to their insulating properties and their low density, 
approximately, 140 kilograms per cubic meter, aerogels have 
been proposed for insulation in a broad range of applications 
from insulating liquid natural gas (LNG) supertankers, to 
insulating superconductor power cables, to insulating space-
craft, such as, insulating the external fuel tanks or crew return 
vehicle of the space shuttle. 
However, typically, untreated aerogels are porous and tend 
to absorb gases and liquids. For example, about 95% of the 
surface of aerogel beads contain pores having an average pore 
size of about 20 nanometers (nm). The absorption of fluids by 
5 aerogels may typically destroy the material or, at the very 
least, interfere with the insulating properties of the beads. The 
present inventors sought to overcome the porous nature of 
aerogels by coating aerogels to minimize or prevent the 
absorption or infiltration of fluids, for example, by applying a 
10 polymer coating. However, the very light, low-density nature 
of aerogels makes them difficult to handle, especially when 
attempting to coat these minute particles, typically, less than 
5 millimeter (mm) in diameter. Aspects of the present inven-
tion overcome these technical difficulties, as well as over- 
15 coming the disadvantages and limitations of the prior art 
methods and apparatus. 
One device that has been used to handle particulate mate-
rial is a draft-tube, spout-fluid-bed (DTSFB) mixer. The 
design and operation of the DTSFB mixer were investigated 
20 by Littman, et al. and are disclosed in U.S. Pat. Nos. 5,248, 
222 and 5,254,168, both of Littman (one of the co-inventors 
of the present invention), et al. (the disclosures of which are 
included by reference herein). Recent developments of the 
DTSFB mixer were reported by Plawsky, et al. (2003), the 
25 disclosure of which is also incorporated by reference herein, 
in which a "first generation" mixer was disclosed. Further 
improvements in the DTSFB mixer were reported by Park, et 
al, (2006) in which a "second generation" DTSFB mixer was 
designed and tested. (The disclosure of Park, et al. (2006) is 
30 also included by reference herein.) Aspects of the present 
invention provide advantages overboth Park, et al, (2006) and 
Plawsky, et al. (2003), and other prior art methods and appa-
ratus. 
35 	 SUMMARY OF THE INVENTION 
Aspects of the present invention provide improved meth-
ods and apparatus for coating particulate material using dif-
ferent mechanics than the prior art coating systems. From an 
40 industrial point of view, aspects of the invention are easily 
scaled up from very small units to very large units in a very 
predictable manner. According to aspects of the invention, 
methods and apparatus are provided which produce coated 
particulate materials, for example, coated aerogels, that hav- 
45 ing improved insulation properties, both thermal and electri-
cal; improved abrasion resistance; and improved strength 
compared to non-coated particulate materials. Aspects of the 
invention are based on two main components, namely, a pneu-
matic coating device and a collection device, such as, a vessel 
50 containing a bag filter, which is commonly used for air pol-
lution control and solids recovery. 
One aspect of the invention is a particulate material coating 
apparatus including a vessel having a top and a bottom, the 
vessel adapted to contain the particulate material; a vertically 
55 extending conduit (also known as a "draft tube") having an 
inlet in the vessel and an outlet outside of the vessel; a first 
fluid inlet in the bottom of the vessel, the first fluid inlet 
directed toward the inlet of the vertically extending conduit 
wherein a flow of a first fluid introduced by the first fluid inlet 
60 produces a flow of at least some of the particulate material and 
the first fluid through the vertically extending conduit; a sec-
ond fluid inlet in the bottom of the vessel, the second fluid 
inlet adapted to introduce a second fluid to the flow of fluid 
introduced by the first fluid inlet, the second fluid adapted to 
65 coat at least some of the particulate material; and a fluid outlet 
from the vessel. The second fluid inlet is typically adapted to 
introduce the second fluid in the form of a spray, for example, 
US 8,557,336 B2 
3 
the second fluid inlet may include an orifice, for instance, an 
orifice having a diameter of about 0.020 inches. 
In one aspect, the apparatus may include means for regu-
lating the flow of fluid from the fluid outlet from the vessel, 
for example, an automated valve, wherein at least one param- 5 
eter of the flow of the particulate material and fluid though the 
vertically extending conduit is varied. The parameter varied 
may be particle flow velocity, fluid flow velocity, voidage, or 
a combination thereof, for example, for a given total fluid inlet 
fl w. i o 
Another aspect of the invention is a method for coating 
particulate material including introducing the particulate 
material to a vessel having a top and a bottom, a vertically 
extending conduit having an inlet in the vessel and an outlet 15 
outside of the vessel, a first fluid inlet in the bottom of the 
vessel directed toward the inlet of the vertically extending 
conduit, a second fluid inlet in the bottom of the vessel, and a 
fluid outlet; introducing a first fluid into the first fluid inlet to 
produce a flow of the first fluid that produces a flow of at least 20 
some of the particulate material and the first fluid through the 
vertically extending conduit; introducing a second fluid to the 
second fluid inlet whereby the second fluid is introduced into 
the flow of the first fluid; and coating at least some of the 
particulate material with the second fluid. In one aspect, the 25 
method further comprises regulating the flow of fluid from the 
outlet wherein at least one parameter of the flow of the par-
ticulate material and fluid though the vertically extending 
conduit is varied. The parameter may include particle flow 
velocity, fluid flow velocity, voidage, or combinations 30 
thereof, for example, for a given total fluid inlet flow. In one 
aspect, the particulate material comprises aerogel particles 
and coating comprises sealing at least some pores in the 
aerogel particles. The second fluid may comprise an alcohol, 
a water-based polymer, a solvent-based polymer, or a poly - 35 
urethane. The second fluid may be air, nitrogen, an inert gas, 
or another suitable gas. 
Another aspect of the invention is a method for coating 
aerogel beads including agitating a plurality of aerogel beads 
with a first fluid stream; contacting the agitated beads with a 40 
second fluid stream having at least one non-volatile compo-
nent and at least one volatile component; evaporating at least 
some of the at least one volatile component contacting the 
beads wherein at least some of the non-volatile component 
adheres to a surface of the beads. In one aspect, the method 45 
may further comprise transporting the plurality of aerogel 
beads and the first fluid through a conduit. In another aspect, 
at least some of the evaporating is practiced during transport 
through the conduit. 
A further aspect of the invention is a coated aerogel mate- 50 
rial comprising a plurality of aerogel beads at least partially 
coated with a polymer, for example, coated with a polyvinyl 
alcohol, a polymethyl methacrylate (PMMA), or a polyure-
thane, among other volatile materials. In one aspect, the aero- 
gel beads comprise about 1 mm to about 5 mm aerogel beads, 55 
typically, about 1 mm to about 3 mm aerogel beads, for 
example, about 2 mm aerogel beads. Aspects of the present 
invention provide coated aerogel material having improved 
insulation properties, both thermal and electrical; improved 
abrasion resistance; and improved strength, among other 60 
things, compared to uncoated aerogel materials. 
A still further aspect of the invention is an insulating mate-
rial comprising a plurality of aerogel beads at least partially 
coated with a polymer, for example, coated with a polyvinyl 
alcohol, a polymethyl methacrylate, or a polyurethane, 65 
among other volatile materials. In one aspect, the aerogel 
beads comprise about 1 mm to about 5 mm aerogel beads,  
4 
typically, about 1 mm to about 3 mm aerogel beads, for 
example, about 2 mm aerogel beads. 
These and other aspects, features, and advantages of this 
invention will become apparent from the following detailed 
description of the various aspects of the invention taken in 
conjunction with the accompanying drawings. 
BRIEF DESCRIPTION OF THE FIGURES 
The subject matter, which is regarded as the invention, is 
particularly pointed out and distinctly claimed in the claims at 
the conclusion of the specification. The foregoing and other 
objects, features, and advantages of the invention will be 
readily understood from the following detailed description of 
aspects of the invention taken in conjunction with the accom-
panying drawings in which: 
FIG. 1 is a schematic diagram, in cross-section, of a par-
ticulate material coating apparatus according to one aspect of 
the invention. 
FIG. 2 is a detailed schematic diagram of the lower section 
of the apparatus shown in FIG. 1 as identified by detail 2 in 
FIG. 1. 
FIG. 3 is a perspective view of a particulate material coat-
ing apparatus according to another aspect of the invention. 
FIG. 4 is a front elevation view of the apparatus shown in 
FIG. 3. 
FIG. 5 is a perspective view of the feeding and treating 
apparatus shown in FIG. 3. 
FIG. 6 is a perspective, in cross section, of the inlet of the 
feeding and treating apparatus shown in FIG. 5. 
FIG. 7 is a photograph of magnified aerogel particles as 
treated according to aspects of the invention. 
FIG. 8 is a photograph of a magnified aerogel particle as 
treated according to aspects of the invention. 
FIG. 9 is a photograph of further magnified aerogel par-
ticles as treated according to aspects of the invention. 
FIG. 10 is a photograph of further magnified aerogel par-
ticles as treated according to aspects of the invention. 
DETAILED DESCRIPTION OF ASPECTS OF THE 
INVENTION 
Aspects of the present invention may be utilized to coat 
particulate material in a broad range of applications. For 
example, aspects of the invention may be used for, but are not 
limited to, coating particulates, for example, coating any par-
ticulate material that is recognizable by those of skill in the 
art, for example, pharmaceuticals; food stuffs; cosmetics; 
metals, such as, powder manufacturing powder metals; 
ceramics; and like particulates. Though the following 
description of aspects of the invention may refer to the use of 
aspects of the invention in coating aerogel beads, aspects of 
the present invention are not limited to handling and treating 
aerogel beads. It will be understood that one or more other 
particulate materials may also be handled and treated accord-
ing to aspects of the invention in similar fashions. 
FIG. 1 is a schematic diagram, in cross-section, of a par-
ticulate material coating apparatus 10 according to one aspect 
of the invention. Apparatus 10 includes a vessel 12, for 
example, a circular cylindrical vessel, though any non-circu-
lar or non-cylindrical vessel may be used, as appropriate. 
Vessel 12 includes a substantially closed top 14 and a sub-
stantially closed bottom 16 and, according to aspects of the 
invention, contains particulate material 18. Though closed 
bottom 16 is illustrated as having a conical, upwardly expand-
ing geometry in FIG. 1, it will be understood that bottom 16 
may comprise any conventional vessel shape, including a 
US 8,557,336 B2 
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circular or rectangular cylindrical bottom 17 as shown in 	 duced to inlet 28 and directed toward inlet 22 of conduit 20 
phantom in FIG. 1. Particulate material 18 may include any 	 produces a flow of at least some of particulate material 18 and 
particulate material, for example, a powder, pellets, beads, 	 fluid through the conduit 20, as indicated by arrows 23. Due 
chips, chunks, and the like, which may be metallic or non- 	 to the typical expansion of fluid flow as the fluid leaves inlet 
metallic, for example, sand, stone, plastics, polymers, phar-  5 28, the diameter of inlet 28 may be smaller than the diameter 
maceuticals, saw dust, wood chips, food particles, ceramics, 	 of inlet 22. Also, the spacing of inlet 28 from inlet 22 may be 
porous material, catalysts, catalytic materials, absorbents, 	 varied, for example, the elevation of inlet 28 may be varied, 
adsorbents, ion exchange resins, and the like. In one aspect, 	 for instance, depending upon the nature of the fluid intro- 
particulate material 18 may comprise aerogel beads, for 	 duced and the particulate material 18. In some aspects of the 
example, beads of a low-density solid-state material derived io invention, the flow of fluid through inlet 28 may be aug- 
from gel in which the liquid component of the gel has been 	 mented by one or more additional fluid inlets 29 for introduc- 
replaced with gas. The aerogel beads may comprise aerogel 
	
ing a fluid 37, for example, the same or different fluid 36 
materials based on silica, alumina, chromia, tin oxide, or 	 introduced to inlet 28. 
carbon, among other materials. The aerogel beads may have 	 According to aspects of the invention, vessel 12 includes a 
diameters ranging from about 50 micrometers [µm] to about 15 means or mechanism 40 for introducing a coating fluid 41 to 
5 millimeters [mm]. 	 vessel 12. For example, as shown in FIG. 1, mechanism 40 
In one aspect, particulate material 18 may comprise a plu- 	 may be one or more spray nozzles 43 adapted to introduce 
rality of particulate materials, for examples, materials 	 fluid 41 to contact and coat at least some of the particulate 
intended to be mixed by apparatus 10, for instance, sand and 	 material 18, for example, as material 18 is being transported 
cement or two or more pharmaceuticals. In one aspect, par-  20 through conduit 20. Spray nozzles 43 may be any fluid injec- 
ticulate material 18 may comprise a material having sufficient 	 tion device adapted to expose material 18 to fluid 41, for 
voidage, that is, space between particles, that when placed in 	 example, spray nozzles 43 may introduce a fine mist of liquid, 
vessel 12 a fluid, for example, a gas or liquid, may be passed 	 a flow of liquid in a gas, or a flow of gas. In one aspect, 
through particulate material 18, for example, in a direction 	 mechanism 40 may comprise one or more spray nozzles 
indicated by arrows 15. Particulate material 18 may form a 25 provided by Spraying Systems Company of Wheaton, Ill., for 
level of material 19, below top 14 of vessel 12 whereby a void 	 example, a spraying system having an SU2A air atomizing 
space 21 is provided in top 14 of vessel 12, for example, an 	 spray nozzle set up with a fluid cap 2050 and air cap 70, 
annular void space. Void space 21 may provide a plenum into 	 having a nozzle diameter of about 0.020 inches, though other 
which fluid passes after passing through material 18 prior to, 	 spraying nozzle systems may be used. Coating fluid 41 may 
for example, exiting vessel 12. 	 30 comprise any fluid adapted to coat material 18 being handled, 
According to aspects of the invention, vessel 12 of appa- 	 and coating fluid 41 may vary depending upon the nature of 
ratus 10 includes at least one conduit, pipe, or tube 20 (which 	 material 18 being coated. In one aspect, where material 18 
may be referred to in the art as a "draft tube") having an open 	 comprises aerogel beads, coating fluid 41 may comprise a 
first end 22 positioned inside vessel 12 and an open second 	 polyvinyl alcohol, for example, an OPADRY water-based 
end 24 positioned outside or inside of vessel 12. Conduit 20 35 cationic polymer provided by Colorcon; a polymethyl meth- 
may typically be directed vertically within vessel 12, as 	 acrylate, for example, a water-based anionic polymer, a sol- 
shown in FIG. 1; however, conduit 20 may be oriented at any 	 vent based cationic polymer or a solvent-based neutral poly- 
angle, that is, an angle from the vertical, while effecting the 	 mer marketed under the trademark EUDRAGIT by Degussa; 
desired function described in this specification and attached 	 or a urethane, for example, a polyurethane solution or a water- 
claims. Optionally, the open second end 24 of conduit 20 may 4o borne polyurethane solution, among others. 
be located in a second vessel 25 (shown in phantom in FIG. 1). 	 According to aspects of the invention, the outlet 32 may 
A typical second vessel 25 that may be used in aspects of the 	 include some means 34 for regulating or controlling the flow 
invention is described and discussed with respect to FIG. 3 	 of fluid through outlet 32. Outlet 32 may be a conduit and 
below, though any vessel which is adapted to collect particu- 	 means 34 may be a valve, for example, a ball, a needle, a 
late material discharged from open second end 24 may be 45 globe, or gate valve. In aspects of the invention, means 34 
used. Conduit 20 may have any convenient cross-section, for 	 controls the flow of fluid from outlet 32 whereby at least one 
example, circular, oval, or rectangular, but is typically circu- 	 parameter of the flow of particulate material 18 and fluid 
lar in cross section. In one aspect, conduit 20 may be directed 	 thoughthe conduit20 is varied. For example, varying theflow 
substantially vertically in vessel 12 whereby conduit 20 forms 	 through outlet 32 may vary particle flow velocity, fluid flow 
an annular region 26 in vessel 12 between the outside of 50 velocity, voidage, or a combination of two or more of these 
conduit 20 and the inside of vessel 12. 	 parameters. In one aspect of the invention, vessel 12 may 
Vessel 12 includes at least one fluid inlet 28 positioned in 	 include at least one means 35 for controlling the pressure drop 
the bottom 16 of vessel 12 for receiving a fluid 36 (that is, a 	 across conduit 20. For example, means 35 may comprise a dp 
liquid or gas) and at least one fluid outlet 32 positioned in top 	 cell or a differential pressure indicator having high and low 
14 of vessel 12. Fluid 36 may be a multiphase fluid, for 55 pressure taps appropriately positioned in vessel 12 and/or 
example, a fluid containing a liquid and solids, a fluid con- 	 vessel 25. Contrary to prior art devices, for example, the 
taining a liquid and a gas, a fluid containing a gas and solids, 	 device disclosed by Plawsky, et al. (2003), by controlling or 
or a fluid containing a liquid, a gas, and solids. It will be 	 regulating the pressure drop across conduit 20, aspects of the 
understood by those in the art, that the multiphase fluid may 	 present invention permit the operator to regulate or control the 
contain one or more liquids, one or more gases, or one or more 60 flow of the particulate material through conduit 20, for 
different solids depending upon the treatment to be per- 	 example, to control the flow regime in conduit 20 or control 
formed in vessel 12. Vessel 12 may also include at least one 	 the solids fraction of the particulate material flowing through 
inlet 33, for example, positioned in top 14, for instance, for 	 conduit 20. In FIG. 1, means 35 is illustrated schematically 
introducing particulate material 18 to vessel 12. Inlet, or fluid 
	
for reference only; however, in aspects of the invention, a 
jet, 28 comprises a conduit having a fluid outlet 30 (see FIG. 65 pressure drop across conduit 20 maybe controlled by mean of 
2) directed toward inlet 22 of conduit 20. According to aspects 	 a restriction in conduit 20 or a restriction down stream of 
of the invention, inlet 28 is so positioned whereby fluid intro- 	 conduit 20, for example, a restriction in optional vessel 25 or 
US 8,557,336 B2 
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8 
a restriction in a conduit leading from vessel 25, such as, a 	 42, and exit vessel 12 through outlet 32. Thus, according to 
valve. The controlling of the pressure drop across conduit 20 	 aspects of the invention, apparatus 10 may comprise an appa- 
may be practiced by controlling or regulating the pressure in 	 ratus for handling or transporting particulate material 18 
vessel 12, by controlling or regulating the pressure in optional 	 through conduit 20; an apparatus for treating particulate 
vessel 25, or both. 	 5 material 18 with a fluid 36, that is, for treating particulate 
FIG. 2 is a detailed schematic diagram of the lower section 	 material 18 in conduit 20, in annulus 26, or a combination 
of the apparatus 10 shown in FIG. 1 as identified by Detail 2 	 thereof, an apparatus for mixing one or more particulate 
in FIG. 1. According to aspects of the invention, as a fluid, for 	 materials; or a combination thereof. However, unlike prior art 
example, a gas or a liquid, is introduced to vessel 12 through 	 apparatus, in apparatus 10 according to aspects of the present 
inlet 28, as indicated by arrows 36, the fluid enters vessel 12 io invention, the nature of the flow of material in conduit 20 and 
and entrains and/or agitates at least some of particulate mate- 	 annulus 26 may be moderated and controlled, for example, by 
rial 18 into open end 22 of conduit 20, as indicated by arrows 	 manipulating the pressure drop across conduit 20, for 
38, and transfers particulate material 18 through conduit 20, 	 instance, by manipulating valve 34 in outlet 32. As noted 
as indicated by arrow 23. As described in, for example, U.S. 	 above, the pressure drop across conduit 20 may be varied in 
Pat. No. 5,248,222, the introduction of a pressurized fluid, 15 numerous ways according to the invention, for example, by 
typically, air (though other gases or liquids may be used), into 	 introducing a restriction to conduit 20; by introducing a 
inlet 28 (and/or other inlets 29) agitates and/or entrains the 	 restriction to a down stream flow, for example, by means of a 
particulate material 18 above inlet 28 whereby particulate 	 pressure control element, such as, a valve; or by providing a 
material 18 will flow like a fluid. In one aspect of the inven- 	 vessel 25 downstream of conduit 20, for example, a vessel in 
tion, this agitation and/or aeration of particulate material is 20 whichpressure is regulated. In one aspect of the invention, the 
often referred to as "fluidization," whereby a normally solid 	 concentration of the solid particles 18 transferred through 
particulate material 18 is induced to behave somewhat like a 	 conduit 20 may be regulated and/or controlled by regulating 
fluid under the influence of the fluid introduced to inlet 28 	 and/or controlling the pressure drop across conduit 20, for 
and, possibly, inlets 29. The fluidization of the particulate 	 example, by manipulating a valve in an outlet from a down- 
material and the consequent creation of a pressure differential 25 stream vessel. 
between the open end 22 and open end 24 of conduit 20 
	
Apparatus 10 shown in FIGS. 1 and 2, with or without 
promotes the flow of the aerated particulate material 18 from 	 means 35 for controlling the pressure drop across conduit 20, 
open end 22, through conduit 20, and out of open end 24. 	 may be used to handle, coat, treat, and/or react particulate 
According to aspects of the invention, while material 18 is 	 material 18 or for handling, treating, or reacting fluid 36. For 
entrained, agitated, and/or fluidized by fluid introduced by 30 example, apparatus 10 may comprise a mixing apparatus for 
inlet 28, at least one further fluid 41 is introduced by means 	 mixing two or more materials. Apparatus 10 may also com- 
40, for example, one or more nozzles 43, to contact the 	 prise a treatment apparatus, for example, an apparatus for 
material 18 with fluid 41. In one aspect, fluid 41 comprises a 	 treating the fluid introduced to inlet 28 with the particulate 
fluid adapted to at least coat at least some of the surface of the 	 material 18. Apparatus 10 shown in FIGS. 1 and 2, with or 
individual particles of material 18. In one aspect, at least 25% 35 without means 35 for controlling the pressure drop across 
of the surface of particulate material 18 receives at least some 	 conduit 20, may be used to execute a chemical or physical 
fluid 41. In another aspect of the invention, at least 50% or 	 reaction, for example, a reaction that particulate material 18 
even at least 75%, of the surface area of the material receives 	 may or may not take part in, for example, may or may not 
at least some fluid 41. In some aspects, more than 90% or even 	 catalyze, using at least part of the fluid streams 36 entering 
substantially 100% of the surface area of material 18 may be 40 through inlet 28 (or auxiliary inlets 29). A chemical or physi- 
covered or coated with fluid 41. 	 cal reaction may take place in the annular region 26, or in 
During or after coating material 18 with fluid 41, the fluid 	 conduit 20, or both in region 26 and in conduit 20. A reaction 
41 is allowed to "dry" onto the surface of material 18, for 	 may also take place in down stream vessel 25. Particulate 
example, by evaporation of any volatile components present 	 material 18 may return at least in part through inlet 33 after 
in fluid 41, whereby at least some non-volatile component of 45 residence in vessel 25, for example, where a physical or 
fluid 41 adheres to at least some of the surface of particulate 	 chemical reaction may have taken place prior to return 
material 18, to provide a coated particular material 18. In one 	 through inlet 33, though substantially all of the material 18 
aspect, at least some of the surface of particulate material 18, 	 passed to vessel 25 may be returned to vessel 12. Typical 
for example, at least 25% of the surface, is coated with a 	 chemical or physical reactions that may be practiced in vessel 
non-volatile component of fluid 41. In another aspect of the 50 12 may include, but are not limited to, catalytic oil cracking, 
invention, at least 50% or even at least 75%, of the surface 	 protein separations, particle mixing, and particle coating, 
area of the material is coated with a non-volatile component 	 among others. 
of fluid 41. In some aspects, more than 90% or even substan- 	 According to aspects of the invention, particulate material 
tially 100% of the surface area of material 18 may be covered 
	
18 may comprise one or more particulate materials, such as 
or coated with a non-volatile component of fluid 41. Accord-  55 sand and cement, that when aerated, coated, and transported 
ing to aspects of the invention, this drying or evaporation of 	 through conduit 20 are at least partially mixed or agitated to 
volatile components may be accelerated by the fluid flow 	 provide a mixture of coated particulate material discharged 
introduced via inlet 28. For example, the fluid introduced via 	 from open end 24 of conduit 20. For example, during trans- 
inlet 28 may comprise a fluid having little or no concentration 	 port through conduit 20, the inventors surmise that the turbu- 
of the volatile component of fluid 41, for example, fluid 41 60 lent eddies generated in conduit 20 provide shearing forces 
may be a low humidity air or low humidity nitrogen, among 	 that overcome particle surface effects, such as van der Waals 
other gases. In another aspect, the fluid introduced to inlet 28 
	
forces and electrostatic forces that hold individual particles in 
may be heated, for example, heated air, to enhance evapora- 	 clumps, to break up clusters and clumps of particulate mate- 
tion of the volatile components of fluid 41. 	 rial and provide a more uniformly mixed material. In another 
In some aspects of the invention, at least some of the fluid 65 aspect of the invention, as discussed above, apparatus 10 may 
introduced through inlets 28 and 29 may also pass through 	 comprise a coating apparatus by which one or more particu- 
particulate material 18 in annulus 26, as indicated by arrows 	 late materials 18 may be coated with a material contained in 
US 8,557,336 B2 
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fluid 41 introduced to means 40, for example, a nozzle 43, 
before or during transport through conduit 20. 
FIG. 3 is a perspective view of a particulate material coat-
ing apparatus 100 according to another aspect of the inven-
tion. FIG. 4 is a front elevation view of apparatus 100 shown 
in FIG. 3. Apparatus 100 includes a feeding and treating 
apparatus 102 and a drying and collecting apparatus 104. 
Similar to apparatus 10 shown in FIGS.1 and 2, in one aspect 
of the invention, feeding and treating apparatus 102 conveys 
particulate material while coating the material conveyed, for 
example, aerogel beads. Apparatus 102 includes a vessel 112, 
for example, a circular cylindrical vessel, having a substan-
tially closed top 114 and a substantially closed bottom 116 
and, according to aspects of the invention, contains particu-
late material 118 (not shown). Particulate material 118 may 
include any particulate material, for example, particulate 
materials that may comprise particulate material 18 described 
above. In one aspect, particulate material 118 may comprise 
aerogel beads. Apparatus 102 includes a plurality of inlet 
conduits in bottom 116 and at least one outlet conduit 120, for 
example, a "draft tube," in top 114. Further details of appa-
ratus 102 are illustrated and described with respect to FIG. 5, 
which illustrates a detailed perspective view of apparatus 102. 
As shown in FIG. 4, drying and collecting apparatus 104 is 
mounted above apparatus 102 and is adapted to receive par-
ticulate material 118 fed by apparatus 102 through conduit 
120. Apparatus 104 also includes a vessel 212, for example, a 
circular cylindrical vessel, having a substantially closed top 
214 and a substantially closed bottom 216 and, according to 
aspects of the invention, contains particulate material 119 
transferred from apparatus 102, for example, coated particu-
late material 118. Apparatus 104 includes at least one inlet in 
communication with the at least one outlet conduit 120 from 
apparatus 102 and at least one outlet conduit 220 in top 214. 
Though closed bottom 216 may comprise any conventional 
vessel geometry, in the aspect of the invention shown in FIGS. 
3 and 4, bottom 216 comprises an eccentric conical bottom, 
for example, offset to avoid interference with conduit 120. 
Bottom 216 may include one or more outlets 218 for dis-
charging treated particulate material 119, for example, to 
storage or further treatment. Outlet 218 may be in direct 
communication with one or more inlets 133 into apparatus 
102, for example, via one or more conduits 222, whereby 
treated particulate material 119 may be re-introduced to appa-
ratus 102 for further treatment, for example, for further coat-
ing. Conduit 222 may include one or more flow control or 
flow isolation devices. 
FIG. 5 is a detailed perspective view of the feeding and 
treating apparatus 102 shown in FIGS. 3 and 4 and FIG. 6 is 
a cross-sectional view of the detailed perspective view of 
bottom 116 of apparatus 102 shown in FIG. 5. As shown, 
bottom 116 comprises a conical divergent transition 117 hav-
ing divergent side walls, an inlet 128, mounted by flange 132, 
directed to the apex of conical transition 117, and a plurality 
of inlets 130 directed into the divergent sidewalls of transition 
117. Conical transition 117 surrounds an open end 122 of 
conduit 120, that is, a "draft tube," and is mounted to vessel 
112 by means of flange 134. According to aspects of the 
invention, bottom 116 also includes a nozzle 140 having an 
orificed end 142 adapted to direct a fluid stream toward the 
open end 122 of conduit 120. For example, nozzle 142 may be 
provided by model F24-SU2A nozzle provided by Spraying 
Systems Company. Typically, nozzle 140 may be centrally 
located within inlet 128, for example, mounted by two or 
more equally-spaced supports positioned about the inside 
diameter of inlet 128 and, possibly, along the length of inlet 
128. 
10 
In a manner similar to that described with respect to FIG. 2 
above, according to aspects of the invention, as a fluid, for 
example, a gas or a liquid, is introduced to inlet 128, the fluid 
enters vessel 112 and entrains at least some particulate mate- 
s rial 118 (not shown) into open end 122 of conduit 120 and 
transfers particulate material 118 through conduit 120. The 
entrainment and/or transfer of the particulate material 118 
may be supplemented or augmented by introducing one or 
more fluids via inlets 130. As noted above, the fluidization of 
10 the particulate material 118 and the consequent creation of a 
pressure differential between the open end 122 of conduit 120 
and the distal open end 124 of conduit 120 promotes the flow 
of the aerated particulate material 118 from open end 122, 
15 through conduit 120, and out of open end 124 in apparatus 
104. 
Again, as discussed above, according to aspects of the 
invention, while material 118 is agitated, aerated, or fluidized 
by fluid introduced by inlet 128 and/or inlets 130, at least one 
20 further fluid is introduced by means of nozzle 140 to contact 
the dispersed material 118 with fluid. In one aspect, the fluid 
introduced via nozzle 140 may comprise a fluid having a 
non-volatile component which is adapted to at least partially 
coat the individual particles of material 118. In one aspect, at 
25 least some of the surface of particulate material 118, for 
example, at least 25% of the surface, is coated with a least 
some of the non-volatile component of the fluid. In another 
aspect of the invention, at least 50% or even at least 75%, of 
the surface area of particulate material 118 receives at least 
30 some of the non-volatile component of the fluid. In some 
aspects more than 90% or even substantially 100% of the 
surface area of material 118 may be covered or coated. 
During or after coating material 118 with the fluid, the fluid 
is allowed to "dry" onto the surface of material 118, for 
35 example, by evaporation of any volatile components present 
in the fluid, whereby at least one non-volatile component of 
the fluid adheres to the surface of particulate material 118, to 
provide a coated particular material 119. According to aspects 
of the invention, this drying or evaporation of volatile com- 
40 ponents may be accelerated by the fluid flow introduced via 
inlet 128. For example, the fluid introduced via inlet 128 may 
comprise a fluid having a little or no concentration of the 
volatile component of the fluid introduced to nozzle 140. In 
another aspect, the fluid introduced to inlet 128 may be 
45 heated, for example, heated air, to enhance evaporation of the 
volatile components of the fluid introduced through nozzle 
140. In another aspect of the invention, drying or evaporation 
may be promoted by heating the vessel 112, for example, 
heating the bottom 116 and/or the transition 117. The heating 
50 of vessel 112 may practiced with an internal or external 
heating device, for example, a heat exchanger mounted about 
vessel 112 with appropriate insulation. 
With the aid of the illustrations of the aspects of the inven- 
tion found in FIGS.1 through 6, the following discussion will 
55 illustrate and underscore the advantages of aspects of the 
present invention compared to the prior art. The present 
invention, which may be referred to in the art as a type of 
draft-tube-spout, fluid-bed (DTSFB) apparatus, provides 
improvements over prior art DTSFB apparatus. For example, 
6o as discussed above, according to aspects of the present inven- 
tion, a DTSFB apparatus is provided in which the feeder 
section, that is, apparatus 102 in FIGS. 3 and 4, is separated 
from the separator section, that is, apparatus 104 in FIGS. 3 
and 4. This arrangement allows the fluid flow rate in the draft 
65 tube, for example, tube 120 in FIGS. 3 and 4, and the pressure 
drop across the draft tube to be independently specified. As a 
result, either the solids fraction flowing through the draft tube, 
US 8,557,336 B2 
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the particle velocity flowing through the draft tube, or both of 
these parameters can be set and varied, for example, indepen-
dently set and varied. 
The inventors have established that the particle mass flux 
through a draft tube, W d, can be defined as a function of solids 
fraction flowing through draft tube, (1 —E d); the particle den-
sity, pp; and the particle velocity, v d , by the relationship in 
Equation 1. 
Wa(1-ed)PpVd 	 [Equation 1] 
According to aspects of the invention, as a result of the rela-
tionship defined by Equation 1, the processing time of the 
particles (that is, the transit time of the particles in the draft 
tube as defined by particle velocity, v d) and the environment 
in which the particles are processed (that is, the solids fraction 
of the particles in the draft tube) can both be varied indepen-
dently. This versatility contrasts with prior art DTSFB appa-
ratus in which only one of these parameters (that is, particle 
velocity time or solids fraction) can be specified indepen-
dently. 
This limitation of the prior art is associated with the typical 
inability of prior art DTSFB mixers to differentiate the pres-
sure drop across the draft tube (for example, the dynamic 
pressure difference from the inlet 22 to the outlet 24 of draft 
tube 20 in FIG. 1) from the pressure drop across the annular 
bed (for example, the pressure difference from the bottom of 
the annular bed 26 from the bottom of vessel 12 to the void 
space 21 at the top of the particulate material 18 in FIG. 1). 
For example, a typical prior art DTSFB apparatus is illus-
trated in FIG. 1 of Plawky, et al. (2003), in which the outlet of 
the draft tube and the top of the DTSFB vessel are in fluid 
communication, that is, are at relatively the same pressure. In 
contrast, according to aspects of the present invention, these 
pressure drops can be different and varied independently. 
This advantage of aspect of the present invention will be 
elaborated up further below. 
The pressure drop across the annulus of a DTSFB appara-
tus, that is, in both prior art apparatus and aspects of the 
present invention, may be determined as a function of the 
flows to the inlet of the DTSFB apparatus. Once these flow 
rates are defined, the rate of fluid flow, for example, the rate of 
mass fluid flow, through the draft tube is determined by a 
material balance of the flows into and out of the inlet of the 
DTSFB apparatus, for example, as illustrate by the flows 
shown in FIG. 2. The material balance about vessel 12 (see 
FIG. 1) is defined by Equation 2: 
Fa Fjo+F_o+F -Fa 	 [Equation 2] 
Where, in Equation 2, 
Fd—the mass fluid flow rate in the draft tube, arrow 23 in 
FIG. 2; 
F o=the mass fluid flow rate through the inlet nozzle, 
arrows 36 in FIG. 2; 
F_ =themassfluidflowratethroughtheauxiliarynozzles, 
arrow 37 in FIG. 2; 
F,—the mass fluid flow rate through the spray nozzle, for 
example, the coating fluid, arrow 41 in FIG. 2; and 
F,—the mass fluid flow rate through the annulus, arrows 42 
in FIG. 2. 
Again, once the draft tube flow rate, F d, and the solids frac-
tion, (1 —E d), are established, thepressure drop across the draft 
tube, APd, may be defined. By varying any one of the flow 
rates in Equation 2, the pressure drop across the draft tube, 
AP, may be varied. As noted above, typically, in prior art 
DTSFB apparatus thepressure drop across the drafttube must 
be substantially the same as the pressure drop across the 
annular bed. However, according to aspects of the present 
12 
invention, the pressure drop across the draft tube may vary 
from the pressure drop across the annular bed. 
According to other aspects of the invention, the fluid veloc-
ity and the particle velocity or their difference in the draft tube 
5 are a function of the drag force on the particles. That is, once 
the fluid velocity is known, the particle velocity may also be 
known. Moreover, in aspects of the invention, changes in the 
particle velocity may be effected by varying the inlet flow 
conditions, for example, by varying the mass fluid flow rate 
10 through the inlet nozzle, Fro ; varying the mass fluid flow rate 
through the auxiliary nozzles, F_ o ; and/or varying the mass 
fluid flow rate through the annulus, F a. According to aspects 
of the invention, once the particle velocity is fixed or known, 
the solids fraction, (1 —E d), can be varied by varying the pres- 
15 sure drop, AP, across the draft tube. 
Prior art DTSFB apparatus require the determination of the 
split in mass flow between the draft tube, E d, and the annulus, 
Fa. This data is typically obtained through experimentation 
on the specific apparatus used. For example, no general guid- 
2o ance or predictions of this flow split is available inthe prior art 
literature. If F a is fixed or known, Ed  can be determined; but 
again, in the prior art, the pressure drop across the annulus, 
AP, and the pressure drop across the draft tube, APd, are 
typically the same. Aspects of the present invention are not 
25 limited by this restriction; that is, in aspects of the present 
invention, the pressure drop across the annulus, AP,, and the 
pressure drop across the draft tube, APd, may, and typically 
will, be different. This distinction can provide enhanced 
operational versatility to aspects of the present invention 
30 compared to the prior art. 
These limitations of prior art DTSFB apparatus are par-
ticularly acute when handling low-density particulate, such as 
aerogel beads. Specifically, when attempting to handle low-
density particulate material in prior art DTSFB apparatus, the 
35 annulus pressure drop, AP, will typically impose an undesir-
ably high-pressure drop across the draft tube, AP d. Light, 
low-density particles typically do not require a high-pressure 
drop across the draft tube to transport the particles through the 
draft tube. As a result, should the operating regime of the prior 
4o art DTSFB apparatus impose a relatively higherpressure drop 
across the annulus, AP,, a comparable relatively higher pres-
sure drop will also be imposed across the draft tube. Due to 
the low-density of the particles, such a higher pressure drop 
across the draft tube will propel a higher solids fraction 
45 through the draft tube, which typically may be undesirable, 
especially, in coating applications. 
In contrast, according to aspects of the present invention, 
the pressure drop across the draft tube, AP, and the pressure 
drop across the annulus, AP, may be independent; that is, the 
50 pressure drop across the draft tube, AP d, may not be dictated 
by the annulus pressure drop, AP,. According to aspects of the 
invention, the pressure drop across the draft tube may be 
relatively low, for example, lower than the pressure drop 
across the annulus. For instance, when transporting low-den- 
55 sity particulate material, for example, aerogel beads (having 
an density of about 140 kg /M3)  that can be transported with a 
lower pressure drop across the draft tube, aspects of the 
present invention are far superior to prior art DTSFB appara-
tus. 
60 	 Though theoretically, when handling low-density materi- 
als, such as aerogel beads, in a prior art DTSFB apparatus, the 
pressure drop across the draft tube may simply be reduced by 
lowering the pressure drop across the annulus, for example, 
by reducing the bed height in the annulus. However, the 
65 inventors have found that, though the pressure drop across the 
annulus can be reduced by reducing the bed height of the 
particulate material in the annulus, in practice, the desirable 
US 8,557,336 B2 
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pressure drops across the draft tube for low-density materials 
require that the pressure drop across the annulus, and the bed 
height, may be markedly low. As a result, such low bed 
heights are difficult, if not impossible, to maintain in practi-
cally-designed DTSFB apparatus. Only by using aspects of 
the present invention, where the draft tube pressure drop may 
be independent of the annulus pressure drop, is the handling 
of low-density particulate material, such as, aerogel beads, 
practical or even possible. However, aspects of the invention 
may also be used to handle high-density particulate material, 
for example, glass beads. 
The aspects of the invention illustrated in FIGS. 3 through 
6 were used by the inventors to coat particulate material 
according to aspects of the invention. Prior to formal experi-
mentation, as is typical, the inventors investigated the desir-
able sizes and operating parameters. The following investi-
gation, experimentation, aspects of the invention are 
discussed with reference to the use of aerogel beads as the 
particulate material. However, the inventors recognize and it 
is to be understood that aspects of the invention may be 
applied to any particulate material, including but not limited 
to pharmaceuticals; food stuffs; cosmetics; metals, such as, 
powder manufacturing powder metals; ceramics; and like 
particulates. 
The inventors' objective inperformingthe following inves-
tigation was to produce a coated aerogel bead and/or a coated 
aerogel bead material, for instance, a material that can be 
applied to a surface, for example, by spraying, or formed into 
a desired shape, for example, by molding. In one aspect, the 
coated aerogel bead and/or material may comprise an insu-
lating material, for example, a thermal or electrical insulating 
material. In the following experiments, the aerogel beads 
used comprised 1 to 3 mm aerogel beads provided by Cabot 
Inc., though any similar or equivalent aerogel beads may be 
used in aspects of the invention. 
According to one aspect and as described below, a method 
may be practiced using a DTSFB apparatus as described in 
FIGS. 1-6; however, the inventors recognize that aspects of 
the invention may also be practiced in other apparatus that are 
adapted to perform the methods recited. The DTSFB appara-
tus may be adapted to agitate and/or suspend the aerogel 
beads in a first fluid, for example, air, nitrogen, or an inert gas, 
among other gases, and then exposing the agitated and/or 
suspended aerogel to a second fluid, that is, the "coating 
fluid," containing at least one volatile component and at least 
one non-volatile component whereby when the volatile com-
ponent are allowed to volatilize or evaporate at least some of 
the non-volatile component remains on the surface of the 
aerogel beads. In this discussion and in the description of 
aspects of the invention that and in the attached claims, a 
"non-volatile" component comprises a component of the liq-
uid that is not volatile under the temperature and pressure 
conditions under which the process is performed, for 
example, at a temperature less than about 250 degrees C. 
(about 482 degrees F.) and a pressure less than 2 atmospheres. 
Conversely, a "volatile component" is one that does volatilize 
or evaporate under the temperature and pressure conditions 
under which the process is performed. For example, in the 
investigation described below, the second fluid comprises a 
fluid containing a non-volatile polymer and a volatile com-
ponent, such as, water, alcohol, or a solvent, that is introduced 
to the beads as a spray or fine mist. According to one aspect of 
the invention, attrition, wear, or damage to the aerogel beads 
is minimized or prevented. In addition, according to one 
aspect of the invention, the volatile component of the second 
14 
fluid volatilizes or evaporates quickly enough that substan-
tially little or no penetration of the aerogel bead by the second 
fluid occurs. 
In order to better understand the potential for penetration of 
5 
the second fluids in to the aerogel beads, the inventors pro-
posed the following relationships in Equations 3 and 4. 
The resulting design specifications for the experiments per-
formed are listed in Table 1 and the resulting design calcula-
tion parameters appear in Table 2. 
50 
TABLE 1 
DTSFB Apparatus Aerogel Coating Design Specifications 
Fluid, particle, Particle Density (pg) 140 kg/m3 
55 	 and bed Air Density (pf), at 298 K 1.165 kg/m 3 
properties Air Viscosity (µf) at 298 K 18.64 x 10 -6  Ns/m2 
Annulus Voidage (ea) 0.42 
Geometric Particle diameter (d,) 1 mm 
Properties Draft tube diameter (D d) 41.15 mm 
Draft tube length (l d) 2 m 
Annulus inner diameter (D,) 44.45 mm 
60 Annulus Outer diameter (D o) 149.1 mm 
Height of particles in annulus (H a) 0.5 m 
Inlet flow Jet and Auxiliary flow (Fjo + F_o) 866 liters/min. 
rates Spray flow (F,) 34 liters/min. 
Total flow 900 liters/min. 
Draft tube Superficial air velocity (Ud) 10 m/s 
65 	 conditions Solids fraction (1 - Ed) 0.01 
10 	 OP P,.-(y/r,) 	 [Equation 3] 
Ox 	 Loll, 
and 
15 	 v, = -(- AP/ Ox)ro  l (8u) 	 [Equation 4] 
where 
AP/Ax is the driving pressure drop radially into the pores of 
20 the aerogel bead, N/m 3 ; 
Pa,_ is the prevailing atmospheric pressure, assumed 101, 
000 N/m2 ; 
y is the surface tension of the second fluid, assumed 26.9x 
25 10-3 7/m2 ; 
ro is the radius of the aerogel beads, assumed 10 nanom-
eters [mu]; 
LPore is the length the pore in the surface of the bead, 
30 assumed 1 micrometer [µm]; 
va „g is the average velocity of the second fluid through the 
pores of the aerogel beads, mm/s; and 
µ is the viscosity of the second fluid, assumed 1 N-s/m 2 . 
35 By evaluating Equations 3 and 4 with the assumed values, the 
following parameters were estimated for the processing of 
aerogel beads. 
40 	 OP 
— 
- -2.7 x 10 11 N/m3 
AX 
and 
v, = 3.3 x 10-3 mm/s. 
45 
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TABLE 2 	 TABLE 4-continued 
DTSFB Apparatus Aerogel Coating Design Calculation Results 
Draft tube pressure drop (AP d) 96.2 Pa (0.386 in. of H20) 
Annulus pressure drop (AP,) 236.6 Pa (1.07 in. of H2 0) 
Particle flux (Wd) 12.6 kg/.2S 
Particle Mass Flow (Gd) 0.0167 kg/s 
Minimum Fluidizing Velocity (U f) 0.043 m/s 
Slip Velocity (U,+va) 0.042 m/s 
Terminal Velocity (U7) 1.133 m/s 
Superficial air velocity (U d) 10 m/s 
According to aspects of the invention, apparatus 100 
shown in FIGS. 3 through 6, was operated under the condi-
tions listed in Tables 1 and 2. In addition the spray nozzle 140 
shown in FIG. 6 was operated under the conditions that 
appear in Table 3. In these experiments, spray nozzle 140 
comprised a SU2A atomizing spray nozzle system provided 
by Spraying Systems Company, though in aspects of the 
invention any similar or equivalent commercially available 
spraying system may be used. 
TABLE 3 
DTSFB Apparatus Aerogel Coating Spray Nozzle Parameters 
Nozzle orifice diameter 0.020 inches 
Air Pressure 4-60 psig 
Air Capacity 0.8-2.7 scfm 
Liquid pressure 3-40 psi 
Liquid capacity 2-284 ml/min. 
Spray time <10 mins. 
The aerogel beads were provided to vessel 112 in system 
102 from a bead source (not shown) by means of a bead 
hopper (not shown) having a pneumatic injector, though other 
types of transfer systems may be used. The transport fluid in 
system 102, that is, the fluid introduced to inlets 144 and 130 
(that is, Fro+F„ o), comprised ambient air heated to about 50 
degrees C. and introduced at the rate that appears in Table 1. 
The transport fluid may range in temperature from about 10 
degrees C. to about 150 degrees C., for example, from 30 
degrees C. to about 100 degrees C. In one aspect, vessel 112 
may also be heated, for example, by means of a thermal 
blanket or by means of a heat exchanger through which a 
heated fluid, for example, air or water, may be passed. The 
walls of vessel 112 may be heated to about 10 degrees C. to 
about 150 degrees C., for example, from 30 degrees C. to 
about 100 degrees C. In these experiments, the walls of vessel 
12 were heated to about 40 degrees C. 
The coating fluid in system 102, that is, the fluid introduced 
to inlets 140 (that is, F S) comprised one of fluids listed in Table 
4. The coating fluid may be heated, for example, to a tem-
perature ranging from about 10 degrees C. to about 250 
degrees C., for example, from 30 degrees C. to about 100 
degrees C. 
TABLE 4 
DTSFB Apparatus Aerogel Coating Fluids 
Colorcon OPADRY II polyvinyl alcohol, water-based cationic polymer 
Eudragit l L30 D55 polymethyl methacrylate, water-based anionic polymer 
Eudragit l E12,5 polymethyl methacrylate, solvent-based cationic polymer 
Eudragit l NE30 D polymethyl methacrylate, solvent-based neutral 
polymer 
DTSFB Apparatus Aerogel Coating Fluids 
Eudragit r RL 12,5 polymethyl methacrylate, solvent-based cationic 
5 polymer 
Water-borne polyurethane solution 
'Eudragit solutions can be mixed with virtually any solvent to control viscosity, surface 
tension, etc., as needed. 
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During processing, the aerogel beads in vessel 112 are 
agitated, aerated, and transported into the open end 122 of 
conduit 120. At substantially the same time as this agitation 
and transport, a coating fluid is introduced by means of spray 
nozzle 140 to the vicinity of the open end 122 whereby at least 
15 some of the aerogel beads are exposed to the coating fluid. 
The coated beads are then transported through conduit, or 
draft tube, 120 to vessel 212 in apparatus 104 and discharged 
from open end 124 of conduit 120. According to the aspects of 
the present invention, the at least partially coated aerogel 
20 beads that are discharged from open end 124 may typically 
settle to the bottom of vessel 212, for example, in the off-set 
conical bottom of vessel 212. In one aspect, the at least 
partially coated beads may then be forwarded to further pro-
cessing, or returned to apparatus 102 for further coating, for 
25 example, via conduit 222 and inlet 133 in top 114 of vessel 
112. For example, in one aspect, the aerogel beads may be 
treated, that is, coated, in apparatus 102 repeatedly, for 
example, at least twice, but may be recycled from apparatus 
104 to apparatus 102 three or more, or four or more times, 
3o depending upon, among other things, the size of the particles 
being coated and the amount or extent of coating desired. 
While the coated aerogel beads may be recirculated to 
apparatus 102, the fluid stream introduced to vessel 212 via 
conduit 120 may be discharged from vessel 212, for example, 
35 from one or more outlets 220, and forwarded to re-use as a 
transfer medium or for further processing. For example, the 
fluid, typically, gaseous, stream discharged from vessel 212 
may be treated to remove any aerogel beads or other particu-
late. For instance, the fluid stream discharged from vessel 212 
40 may be scrubbed or filtered, for example, filtered in a con-
ventional "bag-house” filter or other filtering medium (not 
shown), prior to being further processed or re-used. 
FIGS. 7 through 10 illustrate typical coated aerogel beads 
produced with the apparatus 100 shown in FIGS. 3 through 6 
45 according to one aspect of the invention. FIG. 7 illustrates a 
magnified view of aerogel beads coated in a first trial accord-
ing to aspects of the invention as magnified 20 times. FIG. 8 
illustrates a magnified view of one coated aerogel bead pro-
duced in the same trial as the beads shown in FIG. 7 when 
50 magnified 50 times. In this first trial, the aerogel beads were 
coated with a pharmaceutical grade polyvinyl alcohol, spe-
cifically, Opradry II polyvinyl alcohol. The beads were coated 
for a total processing time of about 1 minute at a temperature 
of about 90 degrees C. The results of this trial produced 
55 coated beads with substantially no penetration of the coating 
fluid into the beads and minimal bead attrition due to process-
ing. 
FIG. 9 illustrates a magnified view of aerogel beads coated 
in a second trial according to aspects of the invention as 
60 magnified 20 times. FIG. 10 illustrates a magnified view of 
coated aerogel beads produced from the same second trial as 
FIG. 9 when magnified 50 times. In this second trial, the 
aerogel beads were again coated with a pharmaceutical grade 
polyvinyl alcohol, specifically, Surelease brand polyvinyl 
65 alcohol. The beads were coated for a total processing time of 
about 10-20 minutes at a temperature of about 90 degrees C. 
The results of this second trial produced coated beads with 
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substantially no penetration of the coating fluid into the 	 3. The method as recited in claim 1, wherein the second 
	
beads, minimal bead attrition due to processing, and more 	 fluid is introduced to the first fluid inlet. 
	
compete, smoother coverage of the bead surface than pro- 	 4. The method as recited in claim 3, wherein the second 
	
duced from the first trial. Some difficulties with the spraying 	 fluid is introduced to the flow of the first fluid by injection. 
	
nozzle were encountered in the second trial, which may have 	 5 	 5. The method as recited in claim 1, wherein the method 
	
impacted the uniformity of the particle coating. The inventors 	 further comprises regulating the flow of fluid from the fluid 
	
believe that improved control of the temperature of the 	 outlet wherein at least one parameter of the flow of the par- 
sprayed coating will likely overcome this difficulty. 	 ticulate material and fluid though the vertically extending 
	
Examination of the coated aerogel particles shown in the 	 conduit is varied. 
	
photographs of FIGS. 8 and 10 clearly illustrate the presence 	 10 	 6. The method as recited in claim 5, wherein the at least one 
	
of coating material on the surface of the aerogel particles. 	 parameter of the flow of the particulate material and fluid 
	
Though these photographs illustrate the partial coating of the 	 though the vertically extending conduit comprises at least one 
	
surface of the aerogel particles, even this particle coating 	 of particle flow velocity, fluid flow velocity, and voidage. 
	
provides particles having enhanced properties. However, 	 7. The method as recited in claim 5, wherein the fluid outlet 
according to aspects of the invention, the extent of the cover-  15 from the vessel is positioned in the top of the vessel, and 
	
age or coating of aerogel particles can be enhanced by, among 	 wherein regulating the flow of fluid from the outlet comprises 
	
other things, repeated exposure to the coating fluid, for 	 regulating the flow of fluid from the outlet from the top of the 
	
example, by recycling of the particles for repeat treatment in 	 vessel. 
	
apparatus 100, or optimization of the operating parameters of 
	
8. The method as recited in claim 1, wherein the vessel 
the treatment, for example, varying the temperature or rate of 20 further comprises at least one third fluid inlet, and wherein the 
	
flow of the coating fluid. These and other modifications of 	 method further comprises introducing a flow of fluid through 
	
aspects of the present invention are included within the scope 	 the at least one third fluid inlet. 
of aspects of the invention. 	 9. The method as recited in claim 1, wherein coating at least 
In any event, the first and second coating trials with appa-  some of the particulate material with the second fluid is prac-
ratus 100 illustrated in FIGS. 3 through 6, clearly illustrate the 25 ticed while the particulate material flows upward through the 
effectiveness of aspects of the present invention when coating vertically extending conduit. 
	
aerogel beads to produce an aerogel-based material, for 	 10. The method a recited in claim 1, wherein the method 
	
example, an insulation material. The coated beads exhibit 	 further comprises producing a downward flow of the particu- 
	
little or no penetration of the coating fluid into the beads while 	 late material in an annular space surrounding the conduit 
subjecting the beads to little or no wear or attrition, thus 30 within the vessel. 
	
ensuring the integrity of the beads, especially, their insulating 	 11. The method as recited in claim 1, wherein the vessel 
	
properties. The inventors are optimistic that apparatus 100 	 comprises a first vessel, and wherein the method further com- 
	
can be an effective device for coating other types of particu- 	 prises discharging the flow of particulate material and fluid 
	
late material, for example, other types of low-density particu- 	 from the outlet of the vertically extending conduit into a 
late material, that can, for example, provide the designer a 35 second vessel, different from the first vessel. 
	
novel material for any application where thermal or electrical 
	
12. The method as recited in claim 11, wherein the method 
insulation is desired. 	 further comprises collecting at least some fine particulate 
	
While several aspects of the present invention have been 	 material in the second vessel. 
	
described and depicted herein, alternative aspects may be 	 13. The method as recited in claim 12, wherein collecting 
provided by those skilled in the art to accomplish the same 40 comprises filtering the at least some fine particulate material. 
	
objectives. Accordingly, it is intended by the appended claims 	 14. The method as recited in claim 11, wherein the method 
	
to cover all such alternative aspects as fall within the true 	 further comprises forwarding at least some of the coated 
spirit and scope of the invention. 	 particulate material from the second vessel to the first vessel. 
15. The method as recited in claim 1, wherein the particu- 
The invention claimed is: 	 45 late material comprises aerogel beads. 
1. A method for coating particulate material comprising: 	 16. The method as recited in claim 15, wherein coating 
	
introducing the particulate material to a vessel having a top 	 comprises sealing at least some pores in the surface of the 
	
and a bottom, a vertically extending conduit having a 	 aerogel beads. 
	
conduit inlet in the vessel and a conduit outlet outside of 
	
17. The method as recited in claim 1, wherein the second 
the vessel, a first fluid inlet in the bottom of the vessel 50 fluid comprises at least one of an alcohol, a water-based 
	
directed toward the inlet of the vertically extending con- 	 polymer, a solvent-based polymer, and a polyurethane. 
	
duit, a second fluid inlet in the bottom of the vessel, and 
	
18. The method as recited in claim 1, wherein the first fluid 
a fluid outlet; 	 comprises air. 
	
introducing a first fluid into the first fluid inlet to produce a 	 19. A method for coating aerogel beads comprising: 
	
flow of the first fluid that produces a flow of at least some 	 55 	 agitating a plurality of aerogel beads with a first fluid 
	
of the particulate material and the first fluid through the 	 stream; 
vertically extending conduit; 	 contacting the agitated beads with a second fluid stream 
	
introducing a second fluid to the second fluid inlet whereby 	 having at least one non-volatile component and at least 
	
the second fluid is introduced into the flow of the first 	 one volatile component; 
fluid; 	 60 	 evaporating at least some of the at least one volatile com- 
	
coating at least some of the particulate material with the 	 ponent contacting the beads in a manner that at least 
second fluid; and 	 some of the non-volatile component adheres to a surface 
	
regulating a pressure drop across the conduit to control or 	 of the beads with substantially no penetration of the 
regulate the flow through the conduit. 	 aerogel beads by the second fluid. 
2. The method as recited in claim 1, wherein the second 	 65 	 20. The method as recited in claim 19, wherein the method 
	
fluid is introduced to the flow of the first flow in the form of a 	 further comprises transporting the plurality of aerogel beads 
spray. 	 and the first fluid through a conduit. 
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21. The method as recited in claim 20, wherein at least 
some of the evaporating is practiced in and during transport 
through the conduit. 
22. The method as recited in claim 19, wherein the aerogel 
beads comprise about 50 micrometer to about 5 millimeter 5 
aerogel beads. 
23. The method as recited in claim 19 wherein the non-
volatile component comprises a polymer. 
24. The method as recited in claim 23 wherein the polymer 
comprises at least one of a polyvinyl alcohol, a polymethyl io 
methacrylate, and a polyurethane. 
25. The method as recited in claim 19, wherein the volatile 
component comprises at least one of an alcohol, water, and a 
solvent. 
26. The method as recited in claim 19, further comprising 15 
selecting or treating the second fluid stream to accelerate said 
evaporating. 
27. The method as recited in claim 1, further comprising 
controlling rate of the flow through the conduit independent 
of regulating the pressure drop across the conduit. 	 20 
28. The method as recited in claim 10, further comprising 
regulating a pressure drop across the annular space indepen-
dent of regulating the pressure drop across the conduit. 
29. The method as recited in claim 21, further comprising 
regulating a pressure differential between an inlet and an 25 
outlet of the conduit to regulate flow through the conduit. 
30. The method as recited in claim 19, wherein the first 
fluid stream comprises a stream of multiphase fluid. 
